A panel of 10 monoclonal antibodies produced after immunization with two porcine subgroup I rotavirus strains (OSU and A46), and directed against the major inner capsid protein (VP6), fell into six patterns of reactivity when tested against a collection of human and animal group A rotavirus strains. Monoclonal antibodies of pattern 1 recognized all rotavirus strains. Antibodies of patterns 2 and 3 recognized all subgroup II strains and some, but not all, subgroup I strains. Pattern 4 antibodies identified all subgroup I strains and two strains (H2, equine; CCll7, porcine) not reactive with reference subgroup monoclonal antibodies (strains non-I non-II). Pattern 5 antibody exhibited the same reactivity as pattern 4 except for not recognizing the non-I non-II equine strain. Pattern 6 antibodies reacted exclusively with subgroup I and non-I non-II rotaviruses of porcine origin. By competitive binding assays, monoclonal antibodies of patterns 4, 5 and 6 appeared to recognize a single antigenic site, which included at least three overlapping epitopes. In immunoblots all monoclonal antibodies, except one, recognized only the trimeric, but not the monomeric form of VP6.
The most abundant protein of the rotavirus virion is the product of gene 6, VP6, a 45K polypeptide which forms approximately 50 to 60~ of the virion mass (Novo & Esparza, 1981; Liu et al., 1988) . This protein is highly conserved, bearing a group antigen common to all group A rotaviruses (Greenberg et al., 1983) . Because of its abundance and its antigenic cross-reactivity, this protein is probably the main target of the various immunological tests used for rotavirus detection. In addition to the common group reactivity, VP6 of most mammalian rotaviruses has been shown to carry subgroup specificities that permitted establishment of the first antigenic classification of rotaviruses (Kapikian et al., 1981) into either subgroup I (comprising most animal and some human rotaviruses) or subgroup II (including mainly human and some porcine rotaviruses). Availability of subgroup I-and subgroup II-specific monoclonal antibodies (MAbs) (Greenberg et al., 1983) has allowed study of the distribution of these antigenic markers among human and animal rotaviruses and detection of two additional types of rotavirus strains, either exhibiting both specificities or neither of them (non-I non-II) (Greenberg et al., 1983; Hoshino et al., 1987; Mattion et al., 1989) . Little information is available on other specificities on rotavirus VP6 (Hoshino et al., 1987) . The present communication reports the presence on the VP6 of porcine subgroup I rotaviruses of five additional types of antigenic determinants, detected by a panel of MAbs, differing from the common group and the classical subgroup I. One subset of MAbs recognized all subgroup I strains and also some strains classified as non-I non-II, suggesting a subgroup I specificity different from the classical one (Greenberg et al., 1983) . Another subset of MAbs appears to be specific for subgroup I rotaviruses of porcine origin.
Rotavirus strains DSI, Wa, Gottfried, EDIM and H2 were kindly supplied by Y. Hoshino and M. Gorziglia (NIAID, Bethesda, Md., U.S.A.). Strain YM was provided by C. Arias, Universidad Autonoma de Mexico, Cuernavaca. Isolation and characterization of porcine rotavirus isolates from Argentina (C95, C134, C135, C117 and CC117) have been described (Mattion et al., 1989) . Characterization of porcine rotavirus isolates from Venezuela (strains A46, A253, A130) will be described in a separate report (F. Liprandi, M. Hidalgo, L. Palencia, I. Rodriguez, J. E. Ludert, C. Pina, A. Sanchez, J. Esparza, unpublished results). All strains were grown in MA 104 cells essentially as previously described (Gorziglia et al., 1985) . The stocks of all strains used were pretested by subgroup-specific ELISA and polyacrylamide electrophoresis of genomic RNA. Rotavirus antigens used in the ELISAs consisted of clarified cell 0000-9318 © 1990 SGM culture lysates, unless otherwise indicated. Two types of sandwich ELISAs were used. In the first (PCE) a rabbit polyclonal antibody was used for capturing the antigen and MAb preparations (hybridoma supernatants) as detecting antibody. In the MAb capture assay (MCE) the solid phase was coated with a dilution of ascitic fluid (1/100 to 1/1000) or of afffinity-purified MAbs (0-2 to 2 ~tg/well), previously determined as optimal for each MAb. Bound virus was detected by a rabbit anti-OSU rotavirus hyperimmune serum and a peroxidase-conjugated goat anti-rabbit IgG serum (Sigma). The cut-off values for PCE and MCE were absorbance values of 0.1 and 0.2, respectively. Virus samples were classified as previously described (Greenberg et al., 1983; Liprandi et al., 1987) , using subgroup I-and subgroup II-specific MAbs (255/60 and 631/9 respectively), kindly provided by Dr H. Greenberg, Stanford University, Stanford, Ca., U:S~A.
Purified preparations of the porcine rotavirus strains OSU and A46 were used for immunization of BALB/c female mice. A standard immunization schedule and fusion protocol were used (Greenberg et al., 1983; Liprandi et al., 1986) . Nine different MAbs from four separate fusion experiments were selected for further characterization on the basis of ELISA reactivities more restricted than the one exhibited by MAbs directed to common group A specificities. In all assays a MAb against a common group determinant (O-4B2; Liprandi et al., 1986 ) was included as a reference antibody.
The collection of MAbs was tested by immunoblotting, performed as described (Gorziglia et al., 1988) , using single-capsid particles with or without heating the protein dissociation mixture (Fig. 1 a) . In the electrophoretic profile of the sample heated at 100 °C five polypeptides are evident, of approximate sizes of 120K (VP1), 96K (VP2), 92K (a possible cleavage product of VP2), 88K (VP3; Liu et al., 1988) and 45K (VP6) (Fig.  1 a) . Omitting the heating step, an additional polypeptide of approximately 135K appears which replaces VP6 and corresponds to its trimeric form (Gorziglia et al., 1985; Sabara et al., 1987) . In immunoblots nine of the 10 MAbs described and the subgroup I reference MAb recognized the trimeric but not the monomeric form of VP6 (Fig.  1 b) . The remaining antibody, O-2C5, failed to recognize either form of VP6.
Monoclonal antibodies were tested as ascitic fluid and as affinity-purified immunoglobulins by MCE against a panel of human and animal rotavirus strains. Table 1 summarizes the established reactivity patterns. The MAbs studied could be subdivided into six different patterns of reactivity. but not other (bovine, human) subgroup I rotavirus strains. Given the high degree of conservation of VP6, the patterns of reactivity of these MAbs can be taken to suggest a division of subgroup I rotaviruses into bovinehuman, simian and porcine evolutionary lineages as has been proposed by Hoshino et al., (1987) . MAb O-2C5 recognized subgroup I porcine strains from U.S.A. (OSU), Argentina (C134, C95, C135, Cl17), Mexico (YM) and Venezuela (A253, A130), but did not react with eight porcine subgroup I cell-adapted strains from Venezuela, mostly isolated from the same farm. This indicates that variation of the corresponding epitope occurs in rotaviruses circulating within one host species. Pattern 4 was represented by MAbs A-4B5, A-3E3 and O-1G3 which recognized all subgroup I strains but differed from the subgroup I reference antibody 255/60 in that they also reacted with the porcine and equine non-I non-II strains (CC117 and H2). This reactivity pattern is suggestive of the presence of a subgroup I epitope different from the one recognized by the reference antibody.
Although different MAbs have been described with subgroup I specificity, no comparisons have been reported to assess whether they recognize the same or different epitopes. Sequence data indicate that more than one region of VP6 may contribute to epitopes of each subgroup (Gorziglia et al., 1988) . The reactivity of (MCE), are expressed as -, +/-, + indicating A values of respectively < 0.2, >/0.2 and < 0.5,/> 0.5. Prefixes O and A assigned to MAbs indicate the rotavirus strain used for immunization of mice (strains OSU and A46, respectively). t Subgroup is defined by the reaction with MAbs 631/9 (subgroup II) and 255/60 (subgroup I) (Greenberg et al., 1983) . Strains not reactive with either of the two antibodies are indicated as nlnlI. A-4B5 30 < 10 < 10 < 10 < 10 A-3E3 300 30 < 10 < 10 < 10 5 A-2B9 > 3000 10 10 < 10 < 10 6 A-4E 10 > 3000 1000 1000 10 1_. . 00 * Results are expressed as the concentration (ng/weU) of the purified unlabelled competitor antibody required to produce >66~ inhibition of binding of a fixed amount of biotinylated antibody. Homologous reactions are underlined.
t Based on the pattern of reactivity shown in Table 1 . :~ Enhancement of binding (> 80 ~) in a range of concentrations of the unlabelled competitor between 10 and 3000 ng/well. the two non-I non-II strains with pattern 4 MAbs suggests that these strains are evolutionarily related to subgroup I strains, as has been shown for strain H2 on the basis of sequence homology data (Gorziglia et al., 1988) . The reactivity of our group 4 MAbs with human non-I non-II strains of the long electropherotype (Svensson et al., 1988) remains to be established. Pattern 5 MAbs (A-2B9, A-1G7) recognized the subgroup I strains and the porcine but not the equine non-I non-II strains. The sixth group of MAbs (A-4E 10, A-5C7) detected only porcine rotavirus subgroup I strains and the non-I non-II porcine strain CC117. The great majority of circulating porcine strains are either of subgroup I or of subgroup II (Bohl et al., 1984; Liprandi et al., 1987; Mattion et al., 1989) . The porcine origin of strain CC117 is suggested by its reactivity with the porcine-specific MAbs of pattern 6.
The topographic relationship between the subgroupand porcine-specific determinants was studied by competitive ELISAs. MAbs, purified from ascitic fluids by affinity chromatography on Protein A-Sepharose, were biotinylated with the N-hydroxysuccinimide ester of biotin as described by Goding (1986 (Yewdell & Gerhardt, 1981) these results support the idea that pattern 4, 5 and 6 antibodies define a number of topographically overlapping epitopes within the same antigenic site. This site seems to include a porcinespecific region contiguous to a subgroup 1-specific region. The conformational nature of these determinants is suggested by the immunoblot results in which MAbs of patterns 4, 5 and 6 recognized only the trimeric but not the monomeric form of VP6. A similar observation has been made by Gorziglia et al. (1988) with subgroupspecific MAbs.
In conclusion the patterns of reactivity of the MAbs described here suggest the existence of at least seven types of operationally defined epitopes on the VP6 of group A rotavirus strains. MAbs directed to a site, specific to one or a few animal species, on the most abundant protein of the rotavirus virion, might be of practical use to identify the species of origin of the virus and possibly to corroborate animal-to-human transmission in suspected cases, like subgroup I long electropherotype human isolates.
